




Shimoga D. Ganesh, Nabanita Saha *, Pavel Kucharczyk and Petr Sáha
Centre of Polymer Systems, University Institute, Tomas Bata University in Zlin, Trˇ. T. Bati 5678,
760 01 Zlin, Czech Republic; icganeshin@gmail.com (S.D.G.); kucharczyk@cps.utb.cz (P.K.); saha@utb.cz (P.S.)
* Correspondence: nabanita@ft.utb.cz; Tel.: +420-576-038-156
Academic Editor: Norbert Haider
Received: 1 November 2016; Accepted: 8 December 2016; Published: 13 December 2016
Abstract: N-[2-(Cyclohexylamino)-2-oxoethyl]-N-(4-octyloxy)phenyl-prop-2-enamide was prepared
in good yield by coupling of 4(octyloxy)aniline, Cyclohexyl isocyanide, paraformaldehyde and
acrylic acid by multicomponent Ugi reaction, at room temperature. The structure of the newly
synthesized tripeptoid derivative was well characterized using elemental analysis, FTIR, NMR and
mass spectral data.
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1. Introduction
The field of peptidomimetics has seen an exciting development over the past several years,
partly due to the considerable biological importance and putative proteolytic stability of synthetic
peptoids over native peptides [1–3]. Recently, Ugi coupling [4–8] of various carboxylic acids,
amines, isocyanates and aldehydes to a series of tripeptoids has been found to give excellent
yields and these have also been reported to exhibit antifungal and antimicrobial activities [9–13].
In addition to such applications, tripeptoids also find application as low molecular weight gelators
(LMWGs) [14,15]. The self-assembling nature of low molecular weight organic compounds to form
physical gels by non-covalent interactions such as hydrogen bonding, van der Waals interactions, pi–pi
stacking, etc. [16] can be attributed to the presence of flexible solvophilic aliphatic groups and rigid
solvophobic functional groups. Also, previous exploration of cyclohexyl moiety in the tripeptoids
generally shows effective gelation properties [17]. Quite recently, Biswas et al. reported a new class of
peptoid-based low molecular weight organogelators by the aza-Michael addition reaction between
glycinamide and substituted alkyl acrylates [18]. In this study, we report the preparation of new
tripeptoid with functional acryl and cyclohexyl moiety.
The synthesis of the title compound was achieved by one-pot Ugi multi-component reaction from
less expensive raw materials. The synthetic value of the resulting compound can be diverged as a
precursor for aza-Michael addition reaction to design varieties of peptoid-based LMWGs. The structure
of the title compound was confirmed by 1H, 13C-NMR, FTIR, and mass spectral data.
2. Results and Discussion
N-[2-(Cyclohexylamino)-2-oxoethyl]-N-(4-octyloxy)phenyl-prop-2-enamide was synthesized from
Ugi four-component (4C) reaction involving 4(octyloxy)anile, paraformaldehyde, acrylic acid and
cyclohexyl isocyanide at ambient conditions for 20 h, as shown in Scheme 1. The physical appearance
of the compound is off white solid, insoluble in water, non-polar solvents like n-hexane, and completely
soluble in dichloromethane, chloroform, methanol, ethanol and dimethyl sulfoxide.
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The  1H  and  13C‐NMR  spectrum  data  of  the  title  compound  is  in  good  agreement with  the 
proposed structure. The  1H‐NMR spectrum of  the compound  is depicted  in Figure 1. The signals 






Scheme 1. Synthesis of N-[2-(cyclohexylamino)-2-oxoethyl]-N-(4-octyloxy)phenyl-prop-2-enamide.
The 1H and 13C-NMR spectrum data of the title compound is in good agreement with the proposed
structure. The 1H-NMR spectrum of the compound is depicted in Figure 1. The signals corresponding
to aliphatic, aromatic and amide functional groups are assigned to their positions. The spectrum shows
multiplet signals at δ 0.88, 1.18, 1.31, and 1.87 ppm due to aliphatic protons of octyl group. The protons
of cyclohexyl group was resonated at 3.76 and in the region of 1.28–1.77 ppm. The acryl functional
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Figure 1. 1H-NMR spectra of desired compound (700 MHz, CDCl3) at room temperature.
13C-NMR spectrum of the compound with assigned numbering is displayed in Figure 2. Several
set of signals are cited in the spectrum. The two carbonyl carbons 3 and 5 were cited at 158.8 and
167.8 ppm respectively. The carbon-15 of the benzene attached to the oxygen resonates at 166.7 ppm.
The carbon-5 is more deshielded to compare with the carbon-5, as the carbon-5 is attached directly
to oxygen and nitrogen, where the combined effect of these electronegative atoms downfield the
13C signal and this effect is diminished in carbon-3. Wherein, the nitrogen is involved in resonance.
The carbon 1 and 2 of the acryl moiety resonates at 127.9 and 128.5 respectively.
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Figure 2. 13C-NMR spectra of desired compound (176 MHz, CDCl3) at room temperature.
3. Experimental Section
3.1. Materials
4(octyloxy)aniline cyclohexyl isocya i e, paraf rmaldehyde, acrylic acid, n-hexane and methanol
were procured from Sigma Aldrich (Prague, Czech Republic). All th other laboratory chemi als and
solvents were of analyti al reagent (AR) grade and used without further purification. Double distilled
water was used throughout the study.
3.2. Instrumentation
The 1H & 13C-NMR spectra were recorded on a 700 MHz Bruker Avance III HD spectrometer
(with a 5 mm dual broad-band probe, 5 mm dual inverse broad-band probe, 1.7 mm triple resonance
(1H–13C) probe (Bruker, Leiderdorp, The Netherlands) for multinuclear applications in liquids and
solids using tetramethylsilane (TMS) as an internal standard. LCMS measurement was performed
on Liquid chromatography system with mass spectrometry detection (Q-TOF)—Agilent ACCURATE
MASS 6530 Q TOF LC/MS (Agilent Technologies, Santa Clara, CA, USA). The elemental analysis was
carried on a VARIO EL III Elemental analyzer (Elementar Analysensysteme GmbH, Hanau, Germany)
and the r sults for C, H, and N were within 0.4% of the theoretical values. FTIR analysis was carried
out on Nicolet 6700 (ATR, Thermo Sci ntific, Waltham, MA, USA) in the scanning range 4000–600 cm−1.
The resolution was 4 cm−1 with 64 scans and t e measurement was done with Germa ium crystal.
3.3. Synthesis of N-[2-(Cyclohex lamino)-2-oxoet yl]-N-(4-octyloxy)phenyl-prop-2-e amide
Paraformaldehyde (0.042 g, 1.38 mmol) was placed in a 50 mL of round bottomed flask, and then
added solution of 4(octyloxy)aniline (0.305 g, 1.38 mmol in methanol (10 mL). The mixture was stirred
at room temperature for 2 h. Later, acrylic acid (0.1 g, 1.38 mmol) was added followed by cyclohexyl
isocyanide (0.152 g, 1.38 mmol). The completion of the reaction was monitored using Thin-layer
chromatography (TLC) analysis (performed with Merck Kieselgel 60 F 254 plates, Merck Millipore,
Bangalore, India). The formation of product was confirmed at 0.36 Rf (1:1 EtOAc:n-hexane) after 20 h.
The reaction mixture was diluted with 20 mL ethyl acetate (EtOAc), washed with water (15 mL × 4),
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followed by saturated solution of brine (20 mL). The collected organic layer was dried over anhydrous
sodium sulfate and solvent was removed under reduced pressure to collect the crude product (0.571 g).
The crude product was triturated repeatedly using n-hexane to obtain the title compound in pure form
as an off white solid (0.48 g) in 84% of yield.
Off White Solid; m.p. 199–201 ◦C; 1H-NMR (700 MHz, CDCl3): δ 0.88 (t, 3H, J = 7.0 Hz), 1.17–1.20
(m, 8H), 1.27–1.36 (m, 4H), 1.42–1.47 (m, 4H), 1.57–1.69 (m, 4H), 1.75–1.89 (m, 2H), 3.76 (m, 1H), 3.94
(t, 3H, J = 7.0 Hz), 4.29 (s, 2H), 5.57 (d, 1H, J = 14.0 Hz), 6.07–6.11 (m, 1H), 6.37–6.44 (m, 1H), 6.87–6.88
(d, 2H, J = 7.0 Hz), 7.11–7.12 (d, 2H, J = 7.0 Hz), 13C-NMR (176 MHz, CDCl3): (ppm) 167.8, 166.7,
158.8, 134.4, 128.5, 127.9, 120.9, 115.2, 68.3, 54.7, 48.1, 32.9, 31.8, 29.2, 26.0, 25.5, 24.7, 22.6 and 14.1.
Anal. calcd. for C25H38N2O3 (414.580): C, 72.43; H, 9.24; N, 6.76. Found: C, 72.77; H, 9.56; N, 7.04.
LCMS (ESI): m/z = 415.297 (Found), 415.2961 (Expected for [M + H]+). FTIR (Ge Crystal): 3282,
3083, 2936 cm−1 (-NH Stretch), 2867 cm−1 (C-H Stretch of cyclohexane ring); 1647, 1708 cm−1 (C=O);
1120 cm−1 (C-O-C); 1422 cm−1 (C-H scissoring); 1370 cm−1 (C-H methyl rock); 722 cm−1 (Long chain
methyl rock).
Supplementary Materials: LCMS and FTIR spectra for the title compound are available online at www.mdpi.
com/1422-8599/2016/4/M921.
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